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Aryldiazonium tetrafluoroborates have been successfully employed in the direct and regioselective
arylation of heteroaromatics such as indole, benzofuran and benzothiophene. The cationic aryl
palladium intermediates derived from the aryldiazonium salts act as effective electrophiles in the
process. These arylating reactions display operational simplicity and provide the arylated heterocycles
regioselectively in moderate to excellent yields.
Introduction
Metal catalysed C–C bond forming reactions, such as the cross-
coupling reactions, often require the use of pre-functionalized
reagents to operate efficiently. These reactions are well
established nowadays and have found wide applicability in
synthetic organic chemistry.1 In spite of their wide applicability,
new protocols bringing greater efficiency and simplicity to these
methods are highly desirable. One of those welcome innovations
is the so-called ‘‘direct C–H arylations’’, in which a new Csp2–
Csp2 bond is formed between a previously nonfunctionalized
olefin or (hetero)arene and an electrophile. A multitude of
electrophiles have been employed for C–H arylations.2 Recently,
Sanford, König, Matiichuk, and Magedov have used aryl
diazonium salts as a source of radicals for the arylation of
aromatic and heteroaromatic compounds.3 Besides their intrinsic
capability of generating radicals, aryldiazonium tetrafluorobo-
rates are thermostable and easy-to-prepare compounds which
have been extensively explored in cross-coupling and Heck
reactions.4
Non-radical direct C–H arylations of heterocycles using
arenediazonium salts are very rare in the literature. To the best
of our knowledge, there is only a single report by Colas and
Goeldner for the use of aryldiazonium trifluoroacetates in the
arylation of benzofuran, as a demonstration of the reactivity of
these diazonium salts.5 Therefore, up to this date a systematic
study of direct arylation of heteroaromatics with aryldiazonium
salts in a non-radical fashion remains undisclosed. In this work,
we present examples of highly regioselective ‘‘direct arylations’’
promoted by palladium of indoles, benzofuran, and ben-
zo[b]thiophene employing aryldiazonium tetrafluoroborates.
The reactions presented herein proceed under mild conditions
and short reaction times. Moreover, reactions were carried out in




We initiated our investigation aiming at the arylation of
N-methyl indole 1 using 4-methoxyphenyldiazonium tetrafluor-
oborate 2 in acetic acid or a mixture of acetic acid with other
solvents (Table 1).
As shown in Table 1, a maximum yield of 53% was obtained
when 1 was treated with 1 equiv. of aryldiazonium salt 2 in the
presence of 10 mol% of palladium acetate at room temperature
(entry 1). The use of other solvents and catalysts provided the
desired product in lower yields. Pd2dba3 performed poorly
providing the aryl indole 3 in less than 10% yield. Gratifyingly,
the C-2 arylated indole was observed almost exclusively. During
these initial investigations we also observed the formation of a
diazo product originated from the nucleophilic attack of the aryl
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Table 1 Direct C-2 arylation of N-methyl indole 1
Entry Solvent t (min) Yield (%)a
1 AcOH 80 53
2 AcOHb 80 51
3 MeCN/AcOHc 40 21
4 CH2ClCO2H 30 27
5 CH2ClCO2H/AcOH 30 33
6 TFA 80 —
a Determined by 1H NMR. b 2 equiv. of N-methyl indole was
employed. c 1 : 1 ratio (v/v).
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indole 3 on the diazonium salt (y30% yield), which probably
explains the moderate yields obtained for aryl indole 3.
We reasoned that if the aryl indole product could be kept out
of contact from the remaining aryldiazonium salt, the yields of
the desired aryl indole 3 should improve. Treatment of N-methyl
indole 1 with one equiv. of aryldiazonium 2 in the biphasic
system water/diisopropylether in presence of Pd(OAc)2 at r.t.
furnished the desired C-2 aryl indole only in trace amounts
(Table 2, entry 1). However, when the same reaction was
conducted at 80 uC, a reasonable 68% yield of aryl indole 3 was
observed (Table 2, entry 2). Further optimization permitted the
synthesis of the C-2 aryl indole 3a in 80–86% yield (entries 7 and
8, Table 2) using 5 or 10 mol% of palladium acetate respectively.
A further decrease in the catalyst loading still provided a
satisfactory yield of the aryl indole 3a (entry 9). Sterically
demanding electron-rich aryldiazonium salts also performed well
under the conditions described in Table 2, furnishing the
corresponding products 3b and 3c in 72% and 83% yields
respectively (entries 10 and 11, Table 2).
The conditions established in Table 2 were not suitable for
electron-deficient aryldiazonium salts due to the extensive
formation of diazo products. In order to render the indole
system less nucleophilic, we protected the nitrogen atom with the
t-butoxycarbonyl (Boc) group. To our surprise, initial attempts
to arylate the N-Boc indole 4 with aryldiazonium 5 in the
biphasic system water/diisopropylether failed. However, when
the arylation was performed in methanol at 65 uC, we obtained
the desired aryl indole 6 in 45% yield after 5 min (entry 1,
Table 3). At room temperature the yield of 6 decreased to 38%
(entry 2). Curiously, when the reactions were carried out in
methanol we were also able to isolate the methoxy indole 7 as a
side product arising from the addition of methanol to the
arylated indole 6 (Fig. 1). The observation of this compound
provides some evidence to the mechanism suggested in Scheme 1.
To prevent solvent addition we decided to use t-butanol as
solvent. In t-butanol aryl indole 6 was obtained in 71% yield
after y10 h at r.t. (entry 3). Slightly lower yields (65%) were
obtained when the reaction was carried out at reflux after only 1
h (entry 4).
Benzofuran
The results obtained with the indoles encouraged us to extend
the direct arylation to other heterocycles like benzofuran.
Experiments carried out in the water/diisopropylether system
provided the 2-aryl benzofurans 9a and 9b (Table 4) in low yields
(,30%). On changing the solvent to methanol we observed
somewhat cleaner reactions together with improved yields for the
aryl benzofurans 9a and 9b. Therefore, after some experimenta-
tion we found out that two distinct protocols worked best for
benzofuran arylation depending on the electronic nature of the
aryldiazonium salt employed. Electron-rich aryldiazonium salts
required reflux of methanol and a four-fold excess of the
Table 2 Direct C-2 arylation of N-methyl indole with electron-rich
aryldiazonium tetrafluoroborates
Entry R T/uC [Pd] (mol%) t (min) Yield (%)a
1 4-OMe r.t. 20 o.n.c Traces
2 4-OMe 80 20 20 68a
3 4-OMe 50 20 15 54a
4 4-OMe 50d 20 110 76a
5 4-OMe 60d 20 55 71a
6 4-OMe 40d 20 165 77a
7 4-OMe 40d 10 90 86a
8 4-OMe 40d 5 180 80a
9 4-OMe 40d 2.5 o.n.c 68a
10 2-OMe 40d 10 60 72b
11 2,4-OMe 40d 10 160 83b
a Determined by 1H NMR. b Isolated. c Reaction carried overnight. d 2
equiv. of aryldiazonium salt employed.
Table 3 Direct C-2 arylation of indole 4 with 4-trifluoromethylphenyl-
diazonium tetrafluoroborate 5
Entry T/uC Solvent [Pd] (mol%) t (min) Yield (%)a
1 65 MeOH 15 5 45
2 r.t. MeOH 15 30 38
3 r.t. t-BuOH 15 y600 71
4 82 t-BuOH 15 60 65
a Determined by 1H NMR
Scheme 1 Proposed mechanism for the direct arylation of heterocycles
with aryldiazonium salts.
Fig. 1 3-Methoxylated 2-arylindole as a side product.






















































benzofuran for achieving moderate yields for the C-2 aryl
benzofurans (entries 1–3, Table 4). The lower yield (40%)
obtained with the 2-methoxyphenyl diazonium salt (entry 3,
Table 4) is probably due to some steric effects. On the other
hand, arylations with electron-poor and electron-neutral diazo-
nium salts were effective even at r.t., although they required a
two-fold excess of the aryldiazonium salts for reasonably good
yields of the C2-arylated benzofurans (entries 5 and 7, Table 4).
Remarkably, in all cases only the C-2 aryl benzofurans were
observed.
Benzothiophene
For arylations of the benzothiophene, methanol proved to be the
solvent of choice: we found out that arylation of benzothiophene
could be performed with 4-methoxyphenyl diazonium salt in the
presence of Pd(OAc)2 (10–20 mol%) at refluxing methanol to
provide aryl benzothiophene 11a regioselectively in an isolated
yield of 61% (entry 1, Table 5).
After much experimentation, we found out that a two-fold
excess of the aryldiazonium salt, at 50 uC, turned out to be the best
conditions for benzothiophene arylation. Gratifyingly, electron-
rich (entries 3–5, 8), electron-poor (entry 6) and electron-neutral
(entry 7) aryldiazonium salts furnished the corresponding aryl
benzothiophenes 11 in good to excellent yields (64% up to 88%).
Somewhat surprising, only the C-3 arylated products 11 were
observed for the arylation of benzothiophene.
Mechanistic proposal
Concerning a rationale for these arylations, we observed that the
reactivity of the substrates seems to correlate with their
nucleophilicity.6 This led us to hypothesize that the cationic
palladium center might be undergoing nucleophilic attack from
the heteroaromatics (Scheme 1), as previously proposed by
Zhao.2e Thus, after complexation of the cationic arylpalladium
intermediate B to the heterocycle, a few pathways are likely. In
the case of benzofuran, a nucleophilic attack on the cationic
palladium would generate the benzylic cation C. Proton
abstraction restores aromaticity to furnish D, which after
reductive elimination generates the aryl benzofurans E and
Pd(0). Benzothiophene would react with electrophiles mainly at
the C-3 position,7 generating F. Regeneration of aromaticity
originates G, which undergoes reductive elimination to produce
the C-3 aryl benzothiophenes H. N-Alky indoles would follow a
pathway similar to that of benzothiophene to produce the
cationic intermediate I. Since only C-2 arylated indoles were
observed, an equilibrium involving cations I and J is proposed.
Precedents for this type of equilibrium have been previously
reported.8 Rearomatization followed by reductive elimination
would generate the C-2 aryl indoles M and Pd (0). Another
possibility is the rearrangement of I to produce the cationic
palladium intermediate K, which ultimately would also lead to
the C-2 aryl indoles M and Pd (0).
The proposal of an aromatic substitution mechanism finds
support in the isolation of the methoxylated product 7. Although
unstable, we were able to isolate this compound and assign its
structure by NMR experiments (see ESI{). The 2-aryl-3-methoxy
indole 7 probably originates from methanol trapping of the
intermediate J (Scheme 2). In the specific case of the N-Boc
indole arylation using electron-deficient aryldiazonium salts, we
hypothesize that the carbonyl of the Boc group might be
directing arylation to the C-2 position of the indole. This
rationale somehow complements the mechanism proposed in
Scheme 1 in the case of the indoles. The capability of carbonyl
groups to act as a directing group for cationic aryl palladium
species has been pointed out in a recent publication of our
group.9
Conclusion
In conclusion, we have developed a mild and very simple method
for the direct arylation of heterocycles N-methyl indole, N-Boc
indole, benzofuran and benzothiophene using aryldiazonium
tetrafluoroborates. The method does not involve the generation
Table 4 C-2 arylation of benzofuran with aryldiazonium salts
Entry R Equiv. diazonium t (min) Solvent T/uC Yield (%)
1 4-OMe 0.25 90 MeOH 65 61a
2 4-OMe 2 90 MeOH 65 33a
3 2-OMe 0.25 55 MeOH 65 40a
4 4-CF3 0.25 120 MeOH r.t. 52
a
5 4-CF3 2 85 MeOH r.t. 65
b
6 H 0.25 120 MeOH r.t. 49a
7 H 2 90 MeOH r.t. 67b
a Isolated yield. b Determined by 1H NMR.
Table 5 Direct C-3 arylation of benzo[b]thiophene with aryldiazonium
tetrafluoroborates
Entry R t (min) T/uC [Pd] (mol%) Yield (%)a
1 4-OMeb 50 65 20 61
2 4-OMeb 180 50 20 74
3 4-OMec 255 50 20 75
4 4-OMec o.n. 50 10 55
5 4-OMec 180 65 10 68
6 4-Clc 60 50 20 85
7 4-Etc 180 50 20 88
8 2-OMec 80 50 20 64
a Isolated yields. b 2 equiv. of benzothiophene employed. c 2 equiv. of
diazonium salt employed.
Scheme 2 Trapping of intermediate J by methanol to give 2-aryl-3-
methoxy indole 7.






















































of radical intermediates and does not require pre-treatment of
the substrates or solvent. Moreover, all reactions are carried out
in open flasks in the presence of oxygen in wet solvents.10
Electron-rich, electron-deficient, and electron-neutral arenedia-
zonium tetrafluoroborates can be successfully employed leading
from moderate to good yields of the arylated heteroaromatic
products. Work is ongoing to further extend the scope of these




All reagents were used as received. Column chromatography was
performed using a silica gel 200–400 mesh. TLC analysis were
performed using silica gel plates. The 1H NMR chemical shifts
are reported in d (ppm) referenced to TMS in chloroform and the
residual protons in dichloromethane. 13C NMR chemical shifts
were referenced to 13C signals of the solvents. The coupling cons-
tants (J) are expressed in Hertz (Hz). IR spectra were recorded
using samples that were prepared as either a liquid film between
NaCl plates, or pressed in to KBr discs. Melting points are
uncorrected. All aryl diazonium salts utilized in this study are
known compounds and were prepared according to literature
procedures by diazotization of the appropriate aniline.
Experimental procedures
Arylation of N-methyl indole in acetic acid. A 5 mL round-
bottom flask equipped with a magnet stir bar was charged with
N-methyl indole (29 mg, 0.22 mmol), the diazonium salt (0.22
mmol), palladium acetate (5 mg, 0.022 mmol) and 1 mL of acetic
acid. The mixture was stirred at room temperature until all the
diazonium salt was consumed. Consumption of diazonium salt
was monitored by its reaction with b-naphthol on a testing plate
(presence of the diazonium gives a red colored diazo compound).
When the reaction was completed, the acetic acid was removed
under reduced pressure and the crude reaction mixture dissolved
in ethyl acetate. The organic solution was then filtered through a
plug of Celite, washed with saturated aqueous sodium bicarbo-
nate, dried over anhydrous magnesium sulphate, filtered,
concentrated under reduced pressure, and column chromato-
graphed on silica gel (hexanes/ethyl acetate as eluent) to furnish
the corresponding aryl N-methyl aryl indoles.
Arylation of N-methyl indole in water/diisopropylether. A 5 mL
round-bottom flask equipped with a magnet stir bar and a reflux
condenser was charged with N-methyl indole (29 mg, 0.22
mmol), the diazonium salt (0.44 mmol), palladium acetate (5 mg,
0.022 mmol, 10 mol%), 4 mL of water and 2 mL of diisopropy-
lether. The mixture was left stirring in an oil bath at 40 uC until
complete consumption of the indole substrate (TLC monitoring).
The reaction mixture was then filtered through a plug of Celite
using ethyl acetate as eluent. Next, the organic phase was
separated, washed with saturated aqueous sodium bicarbonate,
dried over anhydrous magnesium sulphate, filtered, concentrated
under reduced pressure, and column chromatographed (hexanes/
ethyl acetate) in silica gel to provide the corresponding N-methyl
aryl indoles.
Arylation of N-Boc indole in t-butyl alcohol. A 5 mL round-
bottom flask equipped with a magnet stir bar and a reflux
condenser was charged with N-Boc indole (40 mg, 0.18 mmol),
the diazonium salt (0.36 mmol), palladium acetate (6.0 mg, 0.027
mmol, 15 mol%) and 2.5 mL of t-butyl alcohol. The mixture was
left stirring at room temperature until complete consumption of
the indole. The reaction mixture was then filtered through a plug
of Celite using ethyl acetate as eluent. Next, the organic phase
was washed with saturated aqueous sodium bicarbonate, dried
over anhydrous magnesium sulphate, concentrated under
reduced pressure and column chromatographed in silica gel
(20% dichloromethane/hexanes) to furnish the corresponding
N-Boc aryl indoles.
Arylation of benzofuran in the biphasic system. The procedure
was identical to that reported for N-methyl indole arylation as
described above, with exception of the stoichiometry and the
temperature: benzofuran (207 mg, 1.76 mmol, 4 equiv.), the
diazonium salt (0.44 mmol). Reactions were carried out at 85 uC.
Arylation of benzofuran in methanol (for electron-rich diazo-
nium salts). A 5 mL round-bottom flask equipped with a magnet
stir bar and a reflux condenser was charged with benzofuran (103.5
mg, 0.88 mmol, 4 equiv.), the diazonium salt (0.22 mmol, 1 equiv.),
palladium acetate (5 mg, 0.022 mmol, 10 mol%) and methanol (1
mL). The mixture was heated to reflux and left stirring until
complete consumption of the diazonium salt. The reaction mixture
was then filtered through a plug of Celite using ethyl acetate as
eluent. Next, the organic phase was washed with saturated aqueous
sodium bicarbonate, dried over anhydrous magnesium sulphate,
filtered, concentrated under reduced pressure, and chromato-
graphed in silica gel (ethyl acetate/hexanes) to provide the
corresponding aryl benzofurans.
Arylation of benzofuran in methanol (for electron-poor diazo-
nium salts). A 5 mL round-bottom flask equipped with a magnet
stir bar was charged with benzofuran (26 mg, 0.22 mmol, 1
equiv.), the diazonium salt (0.44 mmol, 2 equiv.), palladium
acetate (5 mg, 0.022 mmol, 10 mol%) and methanol (1 mL). The
mixture was left stirring at room temperature until complete
consumption of the benzofuran. The reaction mixture was then
filtered through a plug of Celite using ethyl acetate as eluent.
Next, the resulting solution was washed with saturated aqueous
sodium bicarbonate, dried over anhydrous magnesium sulphate,
concentrated under reduced pressure, and column chromato-
graphed (hexanes) to give the corresponding aryl benzofurans.
Arylation of benzo[b]thiophene. A 5 mL round-bottom flask
equipped with a magnet stir bar and a reflux condenser was charged
with benzothiophene (29 mg, 0.22 mmol, 1 equiv.), the diazonium
salt (0.44 mmol, 2 equiv.), palladium acetate (10 mg, 0.044 mmol,
20 mol%) and methanol (1 mL). The mixture was heated to 50 uC
and left stirring until complete consumption of the benzothiophene.
The reaction mixture was then filtered through a plug of Celite
using ethyl acetate as eluent, concentrated under reduced pressure
and submitted to column chromatography using hexanes as eluent
to provide the corresponding aryl benzothiophenes.






















































1-Methyl-2-[(4-methoxy)phenyl]-1H-indole (3). White solid. Rf
0.27 (10% ethyl acetate/hexanes). Spectral data match those
reported in the literature.11 1H NMR (250 MHz, CDCl3) d (ppm)
3.72 (s, 3 H) 3.87 (s, 3 H) 6.50 (s, 1 H) 7.00 (d, J = 8.85 Hz, 2 H)
7.07–7.28 (m, 2 H) 7.34 (d, J = 7.90 Hz, 1 H) 7.43 (d, J = 8.85 Hz, 2
H) 7.62 (d, J = 7.90 Hz, 1 H) 7.13 (s, 1 H) 7.22–7.36 (m, 2 H) 7.52–
7.63 (m, 2 H) 7.69 (d, J = 8.21 Hz, 2 H) 7.96 (d, J = 8.21 Hz, 2 H)
13C NMR (62.5 MHz, CDCl3) d (ppm) 31.0, 55.4, 101.0, 109.5,
114.0, 119.8, 120.3, 121.4, 125.3, 128.0, 130.6, 138.1, 141.4, 159.4.
1-Methyl-2-[(2-methoxy)phenyl]-1H-indole (3a). Colorless oil.
Rf 0.24 (2.5% ethyl acetate/hexanes). Spectral data match those
reported in the literature.11 1H NMR (250 MHz, CDCl3) d (ppm)
3.58 (s, 3 H) 3.81 (s, 3 H) 6.49 (s, 1 H) 6.96–7.24 (m, 4 H) 7.33–
7.46 (m, 3 H) 7.63 (d, J = 7.90 Hz, 1 H). 13C NMR (62.5 MHz,
CDCl3) d (ppm) 30.7, 55.5, 101.7, 109.3, 110.8, 119.4, 120.4,
120.7, 121.3, 122.0, 128.0, 130.1, 132.5, 137.6, 138.5, 157.5.
1-Methyl-2-[(2,4-dimethoxy)phenyl]-1H-indole (3b). White
solid. MP 123–125 uC. Rf 0.30 (10% ethyl acetate/hexanes).
1H
NMR (500 MHz, CD2Cl2) d (ppm) 3.54 (s, 3 H) 3.81 (s, 3 H) 3.87
(s, 3 H) 6.39 (s, 1 H) 6.59–6.62 (m, 2 H) 7.06–7.11 (m, 1 H) 7.17–
7.22 (m, 1 H) 7.26–7.30 (m, 1 H) 7.34 (d, J = 8.17 Hz, 1 H) 7.58
(d, J = 7.86 Hz, 1 H). 13C NMR (126 MHz, CD2Cl2) d (ppm)
31.0, 56.0, 56.0, 99.0, 101.8, 105.2, 109.8, 115.0, 119.8, 120.5,
121.5, 128.5, 133.5, 138.1, 139.2, 159.2, 162.3. IR (KBr) 3452,
3050, 3013, 2997, 1610, 1470, 1304, 1207, 1158, HRMS (EI)
calculated for [C17H17NO2]
+ 267.1259, found 267.1250.
tert-Butyl 2-[4-(trifluoromethyl)phenyl]-1H-indole-1-carboxy-
late (6). White solid. Rf 0.37 (20% dichloromethane/hexanes).
Spectral data match those reported in the literature.12 1H NMR
(250 MHz, CDCl3) d (ppm) 1.33 (s, 9 H) 6.61 (s, 1 H) 7.22–7.32
(m, 1 H) 7.32–7.40 (m, 1 H) 7.50–7.61 (m, 3 H) 7.66 (d, J = 8.21
Hz, 2 H) 8.22 (d, J = 8.21 Hz, 5 H). 13C NMR (126 MHz,
CDCl3) d (ppm) 27.8, 83.9, 111.0, 115.4, 120.7, 123.2, 124,1 (q,
1JCF = 270 Hz), 124.7, 124.7, 124.9, 129.0, 129.64 (q,
2JCF = 31.3
Hz), 137.6, 138.6, 138.8, 149.9.
tert-Butyl 2-methoxy-3-[4-(trifluoromethyl)phenyl]-2,3-dihydro-
1H-indole-1-carboxylate (7). A dark yellow oil that decomposes
in a few days even at freezer storage. Rf 0.25 (30% hexanes in
methylene chloride). 1H NMR (400 MHz, CD2Cl2) d (ppm) 1.27
(br s, 9 H) 3.45 (s, 3 H) 4.49 (brd, presence of rotamers, 1 H) 5.28
(brd, presence of rotamers, 1 H) 7.08 (t, 1 H, J = 8 Hz) 7.27 (d, J
= 8 Hz, 2 H) 7.36 (d, J = 8 Hz, 1 H), 7.42 (t, J = 12 Hz, 1 H), 7.57
(d, J = 8 Hz, 2 H), 8.02 (brd, presence of rotamers, 1 H). EI (70
eV): 393.1 (5%), 361.2 (15%), 337.1 (45%), 320.1 (5%), 306.0
(8%), 278.1 (62%), 261.1 (100%). HRMS (EI), calculated for
[C21H22F3NO3Na]
+ 416.1450, found 416.1479.
2-[(4-Methoxy)phenyl]benzofuran (9a). White solid. Rf 0.30
(2.5% ethyl acetate/hexanes). Spectral data match those reported
in the literature.13 1H NMR (250 MHz, CDCl3) d (ppm) 3.86 (s,
3 H) 6.88 (s, 1 H) 6.97 (d, J = 8.85 Hz, 2 H) 7.15–7.36 (m, 2 H)
7.44–7.66 (m, 2 H) 7.80 (d, J = 8.85 Hz, 2 H) 13C NMR (126
MHz, CDCl3) d (ppm) 55.4, 99.7, 111.0, 114.3, 121.6, 122.8,
123.3, 123.7, 126.4, 129.5, 154.7, 156.04, 160.0.
2-[(4-Trifluoromethyl)phenyl]benzofuran (9b). White solid. Rf
0.54 (hexanes). Spectral data match those reported in the
literature.14 1H NMR (250 MHz, CDCl3) d (ppm) 7.13 (s, 1 H)
7.22–7.36 (m, 2 H) 7.52–7.63 (m, 2 H) 7.69 (d, J = 8.21 Hz, 2 H) 7.96
(d, J = 8.21 Hz, 2 H) 13C NMR (126 MHz, CDCl3) d (ppm) 103.3,
111.4, 121.3, 123.3, 124.1 (q, 1JCF = 271 Hz), 125.0, 125.1, 125.8 (q,
3JCF = 4.4 Hz), 128.8, 130.12 (q,
2JCF = 33 Hz), 133.7, 154.2, 155.1.
2-Phenylbenzofuran (9c). White solid. Rf 0.31 (hexanes).
Spectral data match those reported in the literature.15 1H
NMR (500 MHz, CDCl3) d (ppm) 7.02 (s, 1 H) 7.20–7.25 (m,
1 H) 7.26–7.31 (m, 1 H) 7.32–7.38 (m, 1 H) 7.44 (t, J = 7.70 Hz, 2
H) 7.52 (d, J = 8.17 Hz, 1 H) 7.58 (d, J = 7.55 Hz, 1 H) 7.84–7.92
(m, 2 H). 13C NMR (126 MHz, CDCl3) d (ppm) 101.3, 111.2,
121.0, 123.0, 124.3, 124.99, 128.6, 128.8, 129.3, 130.6, 155.0,
156.0.
2-[(2-Methoxy)phenyl]benzofuran (9d). Colorless oil. Rf 0.31
(7.5% chloroform/hexanes). Spectral data match those reported
in the literature.16 1H NMR (250 MHz, CDCl3) d (ppm) 4.02 (s,
3 H) 7.01–7.12 (m, 2 H) 7.22–7.37 (m, 4 H) 7.50–7.62(2 H) 8.06–
8.10 (m, 1 H). 13C NMR (62.5 MHz, CDCl3) d (ppm) 55.5, 106.3,
110.8, 111.0, 119.4, 121.0, 122.6, 124.1, 127.1, 129.2, 129.8, 152.2,
153.9, 156.5.
3-[4-(Methoxy)phenyl]-benzo[b]thiophene (11a). Colorless oil.
Rf 0.22 (hexanes). Previously reported, but not completely
characterized.17 1H NMR (250 MHz, CD2Cl2) d (ppm) 3.89 (s, 3
H) 7.06 (d, 2 H, J = 7.5 Hz) 7.39–7.44 (m, 3 H) 7.56 (d, 2 H, J =
10 Hz) 7.93–7.97 (m, 2 H) 13C NMR (63 MHz, CD2Cl2) d (ppm)
55.9, 114.7, 123.2, 123.4, 123.5, 124.45, 124.9, 128.9, 130.3, 138.2,
138.6, 141.25, 159.9. IR (NaCl plates) 3100, 3055, 2840, 2041,
1798, 1530, 1495, 1302, 1287, 1250. HRMS (EI), calculated for
[C15H12OS]
+. 240.0608, found 240.0601.
3-[4-(Chloro)phenyl]-benzo[b]thiophene (11b). Colorless oil that
solidifies after some time. Rf 0.28 (hexanes). Spectral data match
those reported in the literature.18 1H NMR (500 MHz, CDCl3) d
(ppm) 7.35–7.43 (m, 3 H) 7.45 (d, J = 8.49 Hz, 2 H) 7.52 (d, J =
8.49 Hz, 2 H) 7.82–7.88 (m, 1 H) 7.89–7.95 (m, 1 H) 13C NMR
(125 MHz, CDCl3) d (ppm) 122.6, 123.0, 123.8, 124.5, 124.6,
128.9, 129.9, 133.5, 134.4, 136.8, 137.6, 140.7.
3-[4-(Ethyl)phenyl]-benzo[b]thiophene (11c). Colorless oil. Rf
0.45 (hexanes). 1H NMR (500 MHz, CDCl3) d (ppm) 1.31 (t, J =
7.62 Hz, 3 H) 2.73 (q, J = 7.65 Hz, 2 H) 7.32 (d, J = 8.17 Hz, 1 H)
7.35–7.42 (m, 3 H) 7.51 (d, J = 8.02 Hz, 2 H) 7.90–7.93 (m, 2 H).
13C NMR (125 MHz, CDCl3) 15.5, 28.6, 122.9, 123.0, 124.2,
124.3, 128.2, 128.6, 133.4, 138.0, 138.1, 140.7, 143.7. IR (NaCl
plates) 3062, 3023, 2963, 2870, 1530, 1494, 1455, 1425, 1060,
1020, 827, 760, 733 HRMS (EI), calculated for [C16H14S]
+.
238.0816, found 238.0816.
3-[2-(Methoxy)phenyl]-benzo[b]thiophene (11d). Colorless oil. Rf
0.24 (2% ethyl acetate/hexanes). Previously reported, but with no
spectral data available.19 1H NMR (500 MHz, CD2Cl2) d (ppm)
3.78 (s, 3H), 7.06–7.09 (m, 2 H), 7.35–7.44 (m, 5 H), 7.58–7.60 (m, 1
H), 7.91–7.93 (m, 1 H). 13C NMR (126 MHz, CD2Cl2) d (ppm)






















































55.9, 111.7, 121.1, 123.1, 124.1, 124.5, 124.7, 125.1, 125.1, 129.8,
131.9, 135.1, 139.3, 140.3, 157.8. IR (NaCl plates): 3053, 3002, 2958,
2834, 1600, 1581, 1527, 1476, 1460, 1429, 1245, 1020 HRMS (EI),
calculated for [C15H12OS]
+. 240.0608, found 240.0610.
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